The breast cancer susceptibility gene, BRCA1, encodes a large nuclear phosphoprotein, the major isoform of which is 1863 amino acids in size. Structure-function studies have been largely restricted to the only two domains identified by homology searches: the RING (really interesting new gene) and BRCT (BRCA1 C-terminus) domains. However, we have recently reported the identification of a large central soluble region of BRCA1 (residues 230-534) that binds specifically to four-way junction DNA, a property that potentially facilitates its role in the repair of DNA lesions by homologous recombination. We have now used a combination of limited proteolysis and extension cloning to identify more accurately the DNA-binding region of BRCA1. Limited trypsinolysis of BRCA1-(230-534) resulted in the production of a soluble domain identified as residues 230-339.
INTRODUCTION
The breast cancer susceptibility gene BRCA1 encodes a tumour suppressor, mutations in which are responsible for 45-76 % of families with hereditary breast cancer [1] [2] [3] . Identified in 1993, its role as a tumour suppressor was discovered after loss of heterozygosity on chromosome locus 17q21 was observed in a number of families with a history of breast cancer [4, 5] .
The BRCA1 gene encodes a large protein of 1863 amino acids that functions as a scaffold co-ordinating protein-protein interactions and/or post-translational modifications that are required for effective signal transduction upon DNA damage. This is illustrated by the formation of the BASC (BRCA1 genome surveillance complex) [6] and the requirement of BRCA1 for the ATM (gene mutated in ataxia telangiectasia)-and ATR (Atmand Rad3-related)-dependent phosphorylation of p53, c-Jun, NBS (Nijmegen breakage syndrome protein), CtIP [CtBP (C-terminus-binding protein)-interacting protein], Smc1 (sister maintenance chromosome protein 1) and Chk-2 [7] , which are key regulators of the DNA-damage response. BASC is characterized by a high number of factors that sense and repair DNA lesions; for example, the MSH2-MSH6 (MSH is human MutS homologue) and RAD50 (radiation-dependent 50)-MRE11 (meiotic recombination protein 11)-NBS1 complexes. BRCA1 has also been identified as a component of other regulatory complexes, such as the RNA polymerase II holoenzyme [8] and a SWI/ SNF chromatin remodelling complex [9] , relating BRCA1 to transcriptional regulation and providing a link to ionizing-radiation-induced transcription-coupled repair.
Cells deficient in BRCA1 display defects in survival and proliferation [10, 11] , radiosensitivity [12] , chromosomal abnormalities [13, 14] , G 2 /M checkpoint loss [15, 16] and impaired homologous recombination repair [16] , confirming its importance in maintaining the structural integrity of the genome.
Although the structure of BRCA1 is largely undefined, two domains have been identified [17] : these include an N-terminal zinc-binding RING (really interesting new gene) domain and two tandem copies of the BRCT (BRCA1 C-terminus) domain located at the C-terminus. These domains are now recognized motifs that are found in a number of proteins that function in DNA repair [18] and targeted protein degradation [19] .
The central two-thirds of BRCA1 are thought to be largely unstructured [20] and thus possess the structural flexibility that is required for the numerous interactions that are associated with this region, many of which are involved in DNA repair, e.g. p53 [21, 22] , RAD50 [23] , FANCA (Fanconi anaemia) [24] and RAD51 [25] . We and others have shown that this central region of BRCA1 also has interaction sites for distorted DNA structures that occur as a result of the repair of double-strand breaks by homologous recombination [26, 27] . To determine the full significance of the DNA-binding activity of BRCA1, we report in the present paper the identification of the DNA-binding region more precisely, using a combination of limited proteolysis and extension cloning, and its characterization by CD and analytical centrifugation.
EXPERIMENTAL

Purification of BRCA1-(230-534)
Following published procedures [26] , BRCA1-(230-534) was overexpressed in Escherichia coli BL21 (DE3) codon plus and Table 1 Primer sequences used to amplify BRCA1 protein fragments For each pair, the first sequence is the N-terminal primer and the second is the C-terminal primer.
Construct
PCR primers BRCA1-(230-347) 5 -TGCCGACATATGGAGACGCATCTAACAAATAC-3  5 -ACTCCGAAGCTTTCACTCGAGCAGGGGATCAGCATTCAGATCTACC-3  BRCA1-(340-513) 5 -TGCCGACATATGGTAGATCTGAATGCTGATCCC-3  5 -ACTCCGAAGCTTTCACTCGAGAAGGCCTGATGTAGGTCTCC-3  BRCA1-(340-554) 5 -TGCCGACATATGGTAGATCTGAATGCTGATCCC-3  5 -ACTCCGAAGCTTTCACTCGAGCTCTAGACCACTATTAGT-3  BRCA1-(340-595) 5 -TGCCGACATATGGTAGATCTGAATGCTGATCCC-3 5 -ACTCCGAAGCTTTCACTCGAGTTCCATATTGCTTATACTGCTGC-3 purified to homogeneity from crude cell extracts by ion-exchange and Ni-NTA (Ni 2+ -nitrilotriacetate)-affinity chromatography.
Limited proteolysis of BRCA1-(230-534)
Samples for proteolytic digestion were prepared in 10 mM Tris/ HCl, pH 7, 100 mM NaCl, 1 mM EDTA and 1 mM DTT (dithiothreitol) at a protein concentration of 0.2 mg/ml. Trypsin was added at a ratio of 1:500 or 1:1000 (w/w), and the reaction mixtures were incubated at 20
• C. Reactions were quenched at different time intervals by the addition of SDS loading dye and incubation at 95
• C for 5 min. The proteolytic products were analysed by SDS/15 % PAGE and were visualized by Coomassie Blue staining.
Identification of BRCA1 domains
Proteolytic products to be N-terminally sequenced were separated on an SDS/15 % polyacrylamide gel and electroblotted on to a PVDF membrane (the transfer buffer was 10 mM CAPS, pH 11, and 10 % methanol). When the transfer was complete, the membrane was stained with Amido Black and destained with distilled water. Selected bands were excised and N-terminally sequenced by automated sequential Edman degradation using an ABI 476A gas/liquid-phase protein sequencer.
For analysis by MS, a 1 h 1:500 digest was scaled up and applied to a Zorbax 300SB-C 3 reverse-phase column (4.6 mm × 250 mm) equilibrated in 2 % acetonitrile and 0.05 % trifluoroacetic acid. The products were separated by application of an increasing gradient of acetonitrile (2-35 % in 50 min, 35-60 % in 20 min and 60-90 % in 10 min). A sample of the peak fractions was vacuumdried and analysed on an SDS/15 % polyacrylamide gel, and selected fractions were electroblotted and N-terminally sequenced as described above. The remainder of the sample was vacuumdried and analysed by MALDI (matrix-assisted laser-desorption ionization) MS. Spectra were recorded on a Bruker REFLEX III in linear mode.
Cloning, expression and purification of BRCA1 constructs
The four regions of BRCA1 encoding residues 230-347, 340-513, 340-554 and 340-595 were amplified by PCR from a plasmid template carrying the full-length BRCA1 sequence. The forward and reverse primers for each construct contained an NdeI site and a Xho1 site respectively ( Table 1 ). The PCR products were phosphorylated and ligated directly into dephosphorylated SmaIdigested pUC18. After positive selection, recombinant pUC18 constructs were digested sequentially with XhoI and NdeI, and ligated into pET22b for eventual overexpression with a hexahistidine tag at the C-terminal end. The sequence and frame of each insert were confirmed by DNA sequencing. For expression, each of the pET22b constructs were transformed into E. coli BL21 (DE3) codon plus cells and grown in 500 ml of 2× YT (yeast tryptone) medium supplemented with ampicillin (50 µg/ml) at 37
• C. The cells were grown to a turbidity at 600 nm (D 600 ) of 0.5-0.6, whereupon protein expression was induced by the addition of 1 mM isopropyl β-D-thiogalactoside. The cells were grown for an additional 3 h, harvested by centrifugation at 10 000 g for 10 min and resuspended in 10 mM sodium phosphate, pH 6, 800 mM NaCl, 1 mM EDTA, 1 mM DTT and one Complete TM protease inhibitor tablet (Roche). The bacteria were lysed using a French press and the cell debris was removed from the cell lysate by centrifugation at 36 000 rev./min for 1 h at 4
• C in a SW40 Ti rotor. The soluble cell lysate was absorbed on to an Ni-NTA column (Qiagen) and eluted with 300 mM imidazole. Bound fractions were dialysed in 10 mM phosphate, pH 6, 1 mM DTT and 1 mM EDTA, and were stored at −20
• C. BRCA1-(230-347) was purified further by ion-exchange chromatography using a Resource S column (Amersham Biosciences).
Identification of the DNA-binding region by gel retardation analysis
Four-way junction DNA was formed by incubation of equimolar concentrations of the oligonucleotides shown in Table 2 at 95
• C for 10 min and cooling slowly to 4
• C. The junction was incubated with increasing concentrations of protein (1, 2 and 6 µM) at room temperature (22 • C) in a total volume of 10 µl for 30 min. Binding buffer contained 10 mM Tris/HCl, pH 8.0, 1 mM DTT, 50 mM NaCl, 5% (v/v) glycerol and 1 mM EDTA. The samples were analysed in pre-electrophoresed 6 % nondenaturing polyacrylamide TAE (40 mM Tris/acetate and 1 mM EDTA, pH 8.5) gels and visualized by ethidium bromide staining.
Analysis of the DNA-binding specificity of BRCA1-(230-554)
Four-way junction and duplex DNA (formed by annealing equimolar concentrations of the oligonucleotides displayed in Table 2 ) (1 nmol) were end-labelled using [γ -
32 P]ATP and T4 polynucleotide kinase at 37
• C for 30 min. The reactions were inactivated by incubation on ice for 10 min, and the labelled DNA was purified from unincorporated ATP using Sephadex G50 spin columns (Amersham Biosciences). After ethanol precipitation, the labelled probes were resuspended in 10 µM unlabelled duplex or junction DNA, 10 mM Tris/HCl, pH 8.0, and 1 mM EDTA. Binding reactions were carried out as described above, where increasing amounts of protein (0, 0.5, 1, 2.5, 5, 10, 15, 25 and 50 µM) were incubated with a fixed concentration (1 µM) of labelled junction or duplex DNA. The free and bound components of the equilibria were resolved by electrophoresis in 6 % non-denaturing polyacrylamide/TAE gels. The labelled components were visualized by autoradiography of the dried gels, and integrated band intensities were determined using Fluorchem 5500 imaging software (Alpha Innotech).
The binding data were fitted by non-linear regression, using ProFit (Quantum Soft), to the general quadratic expression, assuming a 1:1 stoichiometry:
Eqn 1 describes a heteromeric associative equilibrium [28] Competitor DNAs (0.5, 1, 5, 15, 25 and 50 µM) were added at the start of the incubation reaction. The reactions were analysed by electrophoresis in 6 % non-denaturing polyacrylamide/TAE gels. Protein-DNA complexes were visualized by autoradiography.
CD spectroscopy
Far-UV (190-250 nm) CD spectra were recorded using a Jasco J-810 spectropolarimeter. Measurements were taken every 0.5 nm in a 1 mm pathlength cell. Buffer conditions were 10 mM sodium phosphate buffer, pH 7, and 50 mM NaCl at a protein concentration of 200 µg/ml. Spectra were corrected for buffer absorbance and represent an average of ten scans. Spectra were recorded in millidegrees and were converted into mean residue ellipticities.
Analytical ultracentrifugation
Sedimentation velocity experiments were performed using an Optima XL-A analytical ultracentrifuge (Beckman Instruments). Before centrifugation, BRCA1-(230-347) and BRCA1-(340-554) were dialysed exhaustively into 10 mM sodium phosphate buffer, pH 7, and 50 mM NaCl and made up to 1 mM tris-(2-carboxyethyl)-phosphine. Samples (400 µl, 1 mg/ml) were centrifuged in a 1.2 cm pathlength two-sector aluminium centrepiece cell, with sapphire windows, in a four-place An-60 Ti analytical rotor at 50 000 rev./min for BRCA1-(230-347) and 47 000 rev./min for BRCA1-(340-554) for 8 h at a temperature of 20
• C. Changes in solute concentration were detected by 280 nm absorbance scans. Whole-boundary analysis was performed using the program Sedfit version 8.7, and sedimentation coefficients were obtained using SVEDBERG (version 6.39). Using the freeware program Sednterp, the amino acid composition of the two proteins gave estimates of the partial specific volume (v) of 0.7076 ml/g for BRCA1-(230-347) and 0.7264 ml/g for BRCA1-(340-554), and hydration values of 0.4663 and 0.4636 g of water/g of protein respectively. Buffer densities and viscosities were also calculated using Sednterp.
RESULTS
Limited proteolysis of BRCA1-(230-534)
Previously, we reported the identification of a soluble fragment of BRCA1 (amino acids 230-534) that binds specifically to fourway junction DNA [26] . To determine the precise location of the DNA-binding domain, we have used a combination of limited proteolysis and MS. Limited proteolysis is an effective technique for probing the domain structure of large multifunctional proteins that are often refractory to structure determination by NMR and X-ray crystallography. Proteases preferentially cleave at exposed loops to produce a discrete pattern of fragments that represent isolated domains.
A time course of proteolysis was performed on BRCA1-(230-534) using low trypsin/substrate ratios of 1:500 and 1:1000. Analysis by SDS/PAGE (Figures 1a and 1b) revealed that the timedependent disappearance of BRCA1-(230-534) was concomitant with the appearance of a single metastable fragment at approx. 15 kDa. The high protease resistance of this fragment suggests a solvent-inaccessible structure typical of a protein domain. To determine the location of this domain, it was transferred on to PVDF membrane and analysed by N-terminal sequencing. The first six residues were identified as ETDVN (a proportion of this sample retained the N-terminal methionine), identical with those of BRCA1-(230-534).
To assign the C-terminal cleavage site, the 1:500 digest was scaled up and was allowed to proceed for 1 h. The products were then adsorbed on to a C 3 reverse-phase column and were separated with an increasing gradient of acetonitrile (Figure 2a) . The fractions were analysed by SDS/PAGE (Figure 2b) , and the first peak eluting at 49 min was identified by N-terminal sequencing as a self-cleavage product of trypsin. The BRCA1-(230-534)-derived domain eluted as a single peak after 62 min (Figure 2b) . To determine the molecular mass and hence the C-terminal cleavage site, the purified domain was analysed by MALDI MS. The spectrum (Figure 3a) shows the presence of single and multiple charged ions for the domain, with m/z values that corresponded to heterogeneous cleavage at amino acids Lys 338 and Lys 339 respectively (Figure 3b ). The broadness of the peaks was due to the heterogeneity of the masses produced as a result of multiple cleavages at KK (Lys-Lys) and a small proportion on the sample retaining the N-terminal methionine. However, the domain borders could be unambiguously assigned to amino acids 230-339 of BRCA1.
Cloning expression and purification of BRCA1-(230-347)
The results presented above suggest that amino acids 230-339 constituted a soluble domain in BRCA1. To determine whether this domain was responsible for binding to four-way junction DNA, the region encoding amino acids 230-347 of BRCA1 was amplified by PCR and ligated into the expression vector pET22b. The construct contained codons for a few additional amino acids, extending the polypeptide at its C-terminus, which was assumed to aid correct folding of the domain in E. coli.
BRCA1-(230-347) was expressed with a C-terminal hexahistidine fusion in E. coli BL21 (DE3) codon plus cells, where expression levels approached 50 % of the total cellular protein. BRCA1-(230-347) was found predominantly in the soluble supernatant fraction and was purified to apparent homogeneity by Ni-NTA-affinity chromatography and high-resolution cation-exchange chromatography (Figure 4a ). N-terminal amino acid sequencing of the first eight amino acids confirmed that the polypeptide had the expected sequence METDVTN. Analysis by gel retardation assays revealed that BRCA1-(230-347) was unable to bind to four-way junction DNA (Figure 5a, lanes 11-13) .
Mapping the DNA-binding region of BRCA1
Since the N-terminal domain identified by trypsinolysis of BRCA1-(230-534) was unable to bind to four-way junction DNA, a series of C-terminal protein fragments were produced that extended from residue 340 to 595. Each region of DNA encoding these fragments was amplified by PCR and was cloned into the expression vector pET22b, such that all the resultant proteins were expressed with C-terminal hexahistidine fusions. All constructs produced soluble protein fragments when expressed in E. coli and were purified to approx. 98 % homogeneity directly from the supernatant of clarified cell lysates using Ni-NTA-affinity All were purified directly from the soluble fraction of the cell lysate by Ni-NTA-affinity chromatography. Lane 1 contains molecular-mass standards (sizes are indicated in kDa), and lanes 2-4 contain residues 340-513, 340-354 and 340-395 of BRCA1 respectively. The mobility of each of the fragments is higher than predicted for their molecular masses, which are 20 745, 25 284 and 29 787 for residues 340-513, 340-554 and 340-595 of BRCA1 respectively. This abnormal migration may be associated with the high proportion of acidic residues. All the fragments have pI values ranging from 5.4 to 5.9, and it has been reported that some acidic proteins bind less efficiently to SDS, resulting in higher than predicted mobilities [29] . chromatography ( Figure 4b ). The binding of each protein fragment to four-way junction DNA was analysed by comparison with BRCA1-(230-534) in gel retardation assays (Figure 5a) . Formation of the four-way junction was confirmed by comparison of its mobility in non-denaturing polyacrylamide gels to the F2 single strand of the junction and to duplex DNA (Figure 5b) . The shortest protein fragment, BRCA1-(340-513), bound to the junction with comparable affinity with that of BRCA1-(230-534) (compare lanes 4 and 16 in Figure 5a ), confirming that the DNAbinding activity resides, at least in part, in the C-terminal portion of BRCA1-(230-534). Increasing the length of this fragment to residue 554 resulted in an increase in affinity as judged by the increase in fraction bound at 6 µM protein (compare lanes 4 and 7 in Figure 5a ). Increasing the length to residue 595 resulted in no further increase in affinity (compare lanes 7 and 10 in Figure 5a ), suggesting that the DNA-binding region of BRCA1 is contained within residues 340-554. To determine whether BRCA1-(340-554) retained selectivity for four-way junction DNA, its binding constant for this substrate was determined and compared with that of duplex DNA. From the gel retardation assays shown in Figures 6(a) and 6(b) , binding isotherms were generated by plotting fraction bound (θ ) against total protein concentration, and the best fit to the quadratic expression described in the Experimental section was obtained with a K d of 42 + − 4.9 µM for duplex DNA and 3.03 + − 0.263 µM for four-way junction DNA (Figure 6c ). This demonstrates a greater than 10-fold increase in affinity of BRCA1-(340-554) for fourway junction DNA; thus the selectivity observed for BRCA1-(230-534) [26] is retained. This was confirmed further in a competition assay where a 50-fold excess of linear DNA was unable to compete for four-way junction binding (Figure 6d ).
Conformational analysis of BRCA1-(230-347) and BRCA1-(340-554)
The solution conformation of both BRCA1-(230-347) and BRCA1-(340-554) was analysed by sedimentation velocity and CD spectroscopy. The continuous size distribution functions c(s) [30] derived from the sedimentation velocity data revealed one discrete species for both BRCA1-(230-347) (Figure 7a ) and BRCA1-(340-554) (Figure 7b ). Apparent sedimentation coefficients (s 0 ) were obtained using SVEDBERG [31] . These were corrected for concentration and standard conditions (s To estimate the molecular masses for the two proteins, the program Sedfit was used to model the sedimentation concentration profiles using c(M) boundary analysis, and from this molecular masses of 15 939 Da for BRCA1-(230-347) and 26 500 Da for BRCA1-(340-554) were calculated. These are in good approximation to the molecular masses calculated from their amino acid sequences, which are 14 458 Da and 25 284 Da respectively. This indicates that, at a concentration of 1 mg/ml, both molecules are monomeric.
The frictional coefficients ( f ) were calculated from the sedimentation coefficients using eqn (2): where M is the mass calculated from the sequence,v is the partial specific volume and ρ is the solvent density. This was compared with the theoretical frictional coefficients of an unhydrated sphere of equal mass to give frictional ratios (f /f 0 ) of 1.91 for BRCA1-(230-347) and 1.68 for BRCA1-(340-554). The measured frictional ratio is the product of the frictional ratios due to hydration (f /f 0 ) hydration and shape (f /f 0 ) shape :
where δ is the degree of hydration (estimated from Sednterp; see the Experimental section). Thus frictional ratios due to shape alone can be calculated and were found to be 1.6 for BRCA1-(230-347) and 1.4 for BRCA1-(340-554). These indicate that BRCA1-(230-347) is much more elongated than BRCA1-(340-554), which has a more compact structure. These data are reinforced by CD spectroscopy. The far-UV CD spectrum of BRCA1-(230-347) (Figure 8a ) is identical with that of BRCA1-(230-534) [26] with a prominent negative band at 195 nm and a shoulder at 227 nm. These features are characteristic of a predominantly disordered conformation with the presence of short and/or distorted β-strands [32, 33] . The CD spectrum of residues 340-534 reveals a much less disordered structure and is dominated by a minimum at 227 nm (Figure 8b ), indicating the presence of more ordered β-sheet structures [33] . This is confirmed by analysis of the data using the CD fitting program CDSSTR [34] , which predicts 6 % α-helix, 37 % β-sheet, 25 % turn and 32 % disordered structures.
DISCUSSION
BRCA1 is a large nuclear phosphoprotein that plays a multifaceted role in maintaining genome integrity and transcriptional regulation. Like many large multifunctional proteins, the different functions of BRCA1 are likely to be dispersed throughout the protein in discrete folded domains. However, to date, only two domains have been identified and characterized, the RING and BRCT domains [17] , which account for only 16 % of the total protein. Studies to define the domain structure have been restricted largely by its significant lack of similarity to any other protein and its immense size; by way of comparison, it is almost three times the size of haemoglobin. Therefore, having identified and characterized a soluble fragment of BRCA1 (residues 230-534) that binds specifically to four-way junction DNA [26] , we have now used a combination of limited proteolysis, MS and extension cloning to dissect the domain structure of BRCA1-(230-534) and define more accurately the DNA-binding region.
The results presented touch upon several aspects of the structure-function relationship of BRCA1. Limited proteolysis demonstrates the existence of a stable domain, residues 230-339. Analysis of this region by CD suggests that it is largely unfolded and we therefore would expect it to be susceptible to proteolysis. However, localized areas of β-sheet folding are also predicted, suggesting that this region may be partly folded, explaining the observed resistance to trypsin digestion. The existence of such partly folded domains in BRCA1 is not surprising, as they possess the inherent flexibility required to support the regulation and stabilization of large multiprotein complexes such as BASC. An increasing number of proteins/domains, over a hundred to date, also display such highly flexible structures under physiological conditions and, like BRCA1, many of these proteins serve as scaffolds to support the regulated assembly of large multiprotein complexes [35] .
Gel retardation analysis of BRCA1-(230-347) revealed that it was not essential for DNA binding. This suggested that the DNA-binding domain was, in part, located in residues 347-534. To locate the binding region more precisely, a number of protein fragments were generated, and residues 340-554 were shown to contain the DNA-binding domain. A comparison of the dissociation constants for binding to duplex and four-way junction DNA revealed that BRCA1-(340-554) also retained the specificity observed for BRCA1-(230-534), which has been used to suggest a more direct role for BRCA1 in the repair of doublestrand breaks by homologous recombination [26] . The dissociation constant for four-way junction binding was estimated to be 3.3 µM. While this may be considered to be weak affinity binding, it is possible that one or more of the numerous interactions that occur within this region of BRCA1 enhance its affinity and may be a mechanism by which the function of BRCA1 in DNA repair is regulated.
Sedimentation studies revealed that residues 340-534 of BRCA1 form a more compact structure than BRCA1-(230-347), with a (f /f 0 ) shape of 1.4 compared with 1.6, suggesting a more ordered conformation. This was confirmed by CD analysis in which the β-sheet component is much more apparent. In the limited proteolysis study, residues 340-534 were not stable to trypsin digestion, suggesting a largely unfolded structure: this was confirmed by comparison of the CD spectra of BRCA1-(230-347) with that of BRCA1-(230-534) (reported previously in [26] ). As the degree of disorder is the same in both it suggests that residues 340-534 are also largely disordered. Therefore the addition of 20 C-terminal residues aids the correct folding of this region into a functional β-sheet DNA-binding domain. While numerous helical DNA-binding motifs have been observed, there is a precedent for β-sheet DNA interactions; for example, the eukaryotic proteins, TBP (TATA-binding protein) and transcription factor T domain, [36, 37] and the prokaryotic proteins, IHF (integration host factor) and Met J repressor [38, 39] .
Recently, Mark et al. [20] showed that 16 fragments across the central region of BRCA1 were largely disordered. Owing to the lack of any defined homology for this region, the cloning of these fragments was based on secondary-structure predictions, which do not define exact domain boundaries. Therefore, while their conclusion that the central region of BRCA1 is largely unfolded is certainly true for residues 340-534, accurate domain mapping for the DNA-binding region shows that there are structured regions within the centre of BRCA1.
The identification of the DNA-binding domain of BRCA1 simplifies structural studies to provide a framework in which to evaluate the mechanistic consequences of hereditary mutations.
Ultimately, it may also lead to a functional screen for such mutations. In addition, we anticipate that the results described in this paper will lead to a more complete understanding of the relationships between the biochemical and in vivo behaviour of BRCA1. 
